The optical resolution of racemic compounds by stereoselective glucosylation was investigated using plant glucosyltransferase from Phytolacca americana expressed in recombinant Escherichia coli. The glucosyltransferase glucosylated chemoselectively the phenolic hydroxyl group of phenol compounds. The (R)-stereoselective glucosylation of (RS)-denopamine by glucosyltransferase occurred to give (R)-denopamine -D-glucoside.
Glycosylation by biocatalysts such as glucosyltransferase has been the subject of increasing attention, because a one-step enzymatic glycosylation is more convenient than chemical glycosylation, which requires tedious steps such as protection and deprotection of the hydroxy groups of the sugar moieties. In addition, the glycosylation of bioactive compounds can enhance their watersolubility, physicochemical stability, intestinal absorption, and biological half-life, and improve their bio-and pharmacological properties [1] [2] [3] [4] [5] [6] [7] . To date, little attention has been paid to the stereoselectivity of enzymatic glycosylations. We reported the stereoselective glucosylation of (±)-1-phenylethanol by plant glucosyltransferases from Catharanthus roseus and Nicotiana tabacum. The enzyme from C. roseus was found to catalyze (R)selective glucosylation of (RS)-1-phenylethanol to (R)-1phenylethyl -D-glucoside, whilst N. tabacum enzyme glucosylated (RS)-enantiomer to give (S)-1-phenylethyl -D-glucoside [8] .
(R)-Denopamine, a cardiotonic agent, is an optically active drug. Here, we report the resolution of denopamine enantiomers, i.e., RSforms, by enzymatic glucosylation with plant glucosyltransferase from Phytolacca americana expressed in recombinant Escherichia coli to prepare water-soluble (R)-denopamine -D-glucoside. The E. coli M15 cells, which had been transformed with pQE30-PaGT plasmid, were lysed by sonication. The crude glucosyltransferase from P. americana (PaGT) fraction was purified by His-accept column chromatography. First, hydroxybenzyl alcohols (1-3) and hydroxybenzoic acid (4) (50 M each) ( Figure 1 ) were administered to 0.5 mL of 50 mM potassium phosphate buffer (pH 7.2) containing 100 M UDP-glucose and 1 M PaGT, and the reaction mixture was incubated at 30°C for 1 h. The yields of the product glucosides were determined by HPLC analyses. The product was purified by Diaion HP-20 column chromatography and HPLC with a Puresil C18 column. As a result, the phenolic hydroxy group of 1-3 were glucosylated to give -Dglucosides 5-7, respectively ( Table 1 ). The J values in the 1 H NMR spectra for the anomeric protons of the resulting glucosides showed that the sugar moiety of the products was of -orientation. The primary hydroxy group of the substrates 1-3 was not glucosylated. On the other hand, hydroxybenzoic acid (4) was converted to its -D-glucoside 8, the sugar moiety of which is attached to the phenolic hydroxy group, by the enzyme PaGT. The carboxyl group of 4 was not glucosylated. These findings demonstrate that the glucosyltransferase from P. americana (PaGT) can glucosylate phenolic hydroxy groups chemoselectively. Next, the stereoselectivity of the glucosylation reaction with the enzyme PaGT was examined. The substrate (RS)-denopamine (9) was subjected to the same enzyme glucosylation system as above.
The absolute configurations of the aglycone moieties of the products were confirmed by chiral HPLC analyses of the aglycone, denopamine, which had been prepared by hydrolysis of the glycoside products by -glucosidase. The diastereomeric compositions of the products were determined based on the intensities of the anomeric proton signals in the 1 H NMR spectra as described in Experimental. The enzyme converted (RS)-denopamine to its glucoside product, the sugar moiety of which was attached at the phenolic hydroxy group. No glucosylation at the secondary hydroxy group occurred. The chemo-and regioselective glucosylation of the phenolic hydroxy group by the enzyme was found. The chemical structure of the product was determined as (R)denopamine -D-glucoside (10) (Figure 2 ). Its diastereomeric composition was 92% d.e. The results of this experiment indicate that the enzyme PaGT can discriminate the absolute configuration at the chiral center, apart from the glucosylation part, of the aglycones of substrate (RS)denopamine. Recently, similar stereoselective glucosylation of (±)abscisic acid to (+)-abscisic acid glucosyl ester by Arabidopsis glucosyltransferase was reported [9] . The Arabidopsis enzyme also discriminated the absolute configuration at the chiral center apart from the glucosylation part of the substrates. Further studies on the glucosylation by PaGT using various phenolic compounds as substrates are now in progress.
Experimental
General: The NMR spectra were recorded using a JNM-ECS400 spectrometer in either CD 3 OD or dimethyl sulfoxide (DMSO)-d 6 solutions, and the chemical shifts are expressed in δ (ppm) with reference to TMS. The FABMS were measured using a JMS-700 MStation in CH 3 OH solution. HPLC analyses were carried out with a Puresil C18 column (Waters) using MeOH:H 2 O (1:3, v/v) as eluent (detect, UV 280 ; flow rate, 1 mL min -1 ).
Enzyme preparation:
Glucosyltransferase from P. americana (PaGT) cDNA was cloned into pQE30 containing 6XHis tag at the N-terminus, and the resulting pQE30-PaGT plasmid was transformed into E. coli M15 cells. The transformants were cultured with continuous shaking at 30°C in Luria-Bertani (LB) broth containing 50 g ampicillin/mL. After 16 h, a 20 mL culture was transferred to 2 L fresh LB broth, and cultured with shaking at 30°C; at OD 600 = 1, IPTG was added to 0.1 mM, followed by incubation at 30°C for an additional 16 h. To purify the PaGT enzyme, the harvested cells were collected by centrifugation for 10 min at 5,000×g, and resuspended in buffer H (15 mM potassium phosphate, 1 mM EDTA, 2 mM 2-mercapotoethanol). Cells were lysed by sonication, and cellular debris was removed by centrifugation for 15 min at 5,000×g, and the supernatant was applied to a His-accept column equilibrated with buffer. The column was washed with buffer H to remove impurities, and the bound PaGT enzyme was eluted with buffer supplemented with 200 mM imidazole. The purified PaGT enzyme solution was dialyzed for 16 h at 4°C with 50 mM potassium phosphate buffer (pH 7.2).
Glycosylation procedure and product identification:
Glycosylation reactions were performed at 30°C for 60 min in 0.5 mL 50 mM potassium phosphate buffer (pH 7.2) supplemented with 50 M substrate ((RS)-denopamine), 100 M UDP-glucose, and 1 M PaGT. The medium was applied to Diaion HP-20 (1 g), washed with water, and eluted with methanol. The substrates and glucosylated products in the methanol layer were separated using a Puresil C18 column. The UV-visible detector was set at 280 nm. The structure of the product, which was given by glycosylation of (RS)-denopamine, was determined by FABMS, 1 H, and 13 C NMR, H-H COSY, HMQC, and HMBC spectra. The intensities of the pair of anomeric proton signals in the 1 H NMR spectra were used for the determination of the diastereomeric excesses of denopamine -Dglucoside. Anomeric proton signals of the products were as follows: 
